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ridge preservation with acellular dermal matrix 
and anorganic bone matrix cell-binding peptide P-15 after 
tooth extraction in humans.  A histologic 
and morphometric study
ABstrAct
Aim  The aim of this study was to analyze by histomorphometric 
parameters the use of acellular dermal matrix (ADM) with 
or without anorganic bovine bone matrix (ABM) / synthetic 
cell-binding peptide P-15 in the formation of bone in human 
alveoli. 
Materials and methods Eighteen patients in need of 
extraction of maxillary anterior teeth were selected and 
randomly assigned to the test group (ADM plus ABM/P-15) 
or the control group (ADM only). Histomorphometric 
measurements and histological analysis were recorded about 
6 months after ridge preservation procedures in ten patients. 
The amount of newly formed bone, the most recently formed 
bone, fibrous tissue plus marrow spaces and remaining graft 
particles were measured and analyzed.
results  At 6 months, the new bone area parameter and the 
percentage of fibrous tissue plus marrow space areas showed 
higher values to the control group, and statistically significant 
differences when compared with the test group (p=0.03).
conclusion  The ADM acted as a membrane. The association 
of ABM/P-15 with ADM resulted in new bone formation within 
the alveoli, but the results were not considered relevant when 
used in this indication.
iNtroductioN
Alveolar bone resorption after tooth extraction is 
an inherent condition of the healing process. It is 
accelerated at the first 6 months after extraction and 
followed by a gradual remodeling that includes changes 
in size and shape, with loss of approximately 40% in 
height and 60% in width (1-3). The reduction in height 
and width of the alveolar ridge is progressive and 
irreversible and it can make implant placement difficult, 
especially in the anterior maxilla, where bone volume 
is important for functional and esthetic reasons (4). 
Early extraction socket healing is expected to decrease 
the alveolar ridge by 2 to 4 mm horizontally and 1 mm 
vertically. These changes are time dependent, by the end 
of the first year post extraction nearly 6 mm of buccal 
bone loss can be expected (5-7).
The general understanding is that bone graft placement 
in the extraction socket should offset the catabolic 
processes observed within the crestal ridge. Therefore, 
several procedures, such as the use of bone autografts, 
bone replacement materials, and regenerative techniques, 
have been proposed to prevent and correct alveolar bone 
resorption. Guided bone regeneration (GBR) is based 
on the principle of selecting cells using membranes to 
prevent epithelial proliferation (8). Conventionally, non-
resorbable and resorbable membranes are used in GBR 
techniques. More recently, some studies have shown the 
possibility of using acellular dermal matrix (ADM) as a 
biologic membrane in GBR (9-12).
ADM is allogeneic human skin obtained from tissue banks. 
It is processed by removing of the epidermis and all dermal 
cells; however, the complex basement membrane and the 
structure of collagen and elastin are preserved (13). In this 
context, there is a structural biocompatibility as a scaffold 
for the incorporation and migration of epithelial cells, 
keratinocytes, and fibroblasts, which will be incorporated 
into this material (8,13). In addition, ADM has been used 
in periodontal regenerative procedures, not only because 
of its biocompatibility  but also because of its ability 
to increase the keratinized tissue for root coverage, be 
used as membrane in the GBR, and to eliminate gingival 
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melanin pigmentation (14-16). The use of ADM for 
the ridge preservation after tooth extraction has been 
demonstrated by successful clinical reports (10,12,15,17). 
Moreover, some studies have shown good histologic 
results in GBR (12,15,17). In general, the amount of newly 
formed bone is limited by the space below the membrane. 
ADM can collapse into the bone defects; therefore, the 
use of bone substitutes has been suggested as space 
maintainers. 
Some biomaterials, such as hydroxyapatite, calcium 
sulfate, bioactive glass, and xenograft bone substitutes, 
have demonstrated good results when associated with 
membranes or ADM (16,18-20). A new bone substitute 
composed of anorganic bovine bone matrix (ABM) 
and P-15, a synthetic component with a sequence of 
15 amino acids of collagen type I, has been used as a 
new alternative (21). ABM/P-15 has osteoconductive 
properties because of its ability to promote cell binding, 
such as fibroblasts and osteoblasts, initiating the cascade 
of events that allows bone formation including cell 
migration and differentiation (21). Some studies in dogs 
have demonstrated the association of ABM/P-15 and 
biologic membranes. Barboza et al. (22) induced surgical 
Class III alveolar defects on mandibular second premolars. 
At 8 weeks, the defects in the test group were filled 
with ABM associated with a bioabsorbable membrane, 
and the control group was filled only with ABM/P-15. 
Clinical results showed significant bone increase and 
histologic images showed bone formation in the test 
areas. Beck and Mealey (23) evaluated histologically the 
bone formation using a single bone allograft material 
at two different time points after tooth extraction and 
socket grafting. No statistically significant differences in 
the amount of new bone formation was found between 
sites that healed for an average of 14 weeks compared 
to those that healed for an average of 27 weeks. All sites 
examined in that study displayed evidence of new bone 
formation. Moreover, other studies (24-26) suggest that 
ridge preservation techniques using mineralized human 
bone allograft may promote new bone formation in 
the healing extraction socket. The histological analysis 
of the use of ABM/P-15 with ADM for the treatment 
of ridge defects after tooth extraction has not been 
reported in the literature. Therefore, this study aims to 
analyze through histomorphometric analysis the use of 
both biomaterials to preserve alveolar bone after tooth 
extraction.
MAteriAls ANd Methods
The present study was performed at the Ribeirão Preto 
School of Dentistry, University of São Paulo, São Paulo, 
Brazil, between February 2009 and February 2011. It 
was approved by the Ethical Committee for Human 
Research of the same institution, protocol number 
2009.1.388.58.0.
This study is a sequence of a recently published study 
(27), in which the surgical phase of the study is detailed. 
In summary, 18 patients (five males and 13 females; age 
range: 33 to 58 years) were selected. They received detailed 
written information about the treatment and signed an 
informed consent form. To be included in the study, the 
patient had to present ≥2 hopeless, single-rooted, and non-
adjacent teeth in the maxilla. This was established to avoid 
the situation where the bone plate of one group could 
interfere with the healing process of the other group, since 
the bone plates could be in intimate contact. Therefore, all 
hopeless teeth were extracted, regardless of whether or not 
they were included in the study. 
In this split-mouth study, the test group had 18 sockets 
treated with ABM/P-15 (PepGen P-15, DENTSPLY Friadent 
CeraMed, Lakewood, CO) associated with ADM (Alloderm, 
BioHorizons, Birmingham, Alabama), and the control 
group (blood clot) had 18 sockets treated only with 
ADM. Surgical procedures were performed under local 
anesthesia, and for the extractions a periotome was used 
to reduce trauma to the bone. Intrasulcular incisions were 
performed after making releasing incisions on the proximal 
surfaces of the adjacent teeth, and a mucoperiosteal flap 
was elevated to expose both the labial and palatal aspects 
of the alveolar ridge. After tooth removal, the granulation 
tissue was curetted and removed. The two sockets 
selected for the study were treated with GBR, using ADM 
as a barrier membrane, however, only the test socket was 
filled with the grafting material. After the socket grafting 
procedure, the full-thickness buccal and lingual flaps were 
repositioned and sutured with 5.0 non-resorbable sutures. 
The ADM was intentionally left exposed in its central 
portion (≤ 2 mm) to induce an increase in the width of 
the keratinized tissue. 
Six months after the first surgical procedure, a reentry 
surgery was performed using the same approach 
described previously and biopsies measuring 2x5 mm 
were made in the previously extraction socket area 
with a 2.75-mm trephine drill (outer diameter) in the 
central portion of the alveolus for the test (ADM plus 
ABM/P-15) and control (ADM only) groups. Some 
patients were not included in this phase of the study, 
because the remaining bone was not sufficient for 
implant placement and others did not want to continue 
participating in this research. So, 10 of 18 patients were 
selected for the biopsies and implant placement. 
In most of the sites, implants were placed after the biopsies 
and preparation of the site. The biopsies were fixed using 
4% formalin at pH 7 for 10 days and transferred to a 70% 
ethanol solution to wait for processing. The samples were 
dehydrated in increasing alcohol concentrations until 
100% concentration was reached. They were embedded 
in LR White resin (London Resin Company ltd, UK), 
subsequently two sections from the center of the tissue 
blocks were made perpendicularly to the long axes using 
a microtome following the technique for hard tissues, 
one group of sections were stained with Stevenel’s blue 25
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and Alizarin red S, and the other with Toluidine blue for 
optical microscopy. With this last stain it was possible to 
identify the bone tissue that was in formation during the 
healing process and the bone that was being deposited at 
the time of the biopsy.  
histomorphometric analysis
Histological sections from each biopsy were captured 
through a video camera (Leica DC300F; Leica 
Microsystems, Heerburgg, Switzerland) joined to a 
stereomicroscope (Leica MZFL III).  The images were 
analyzed using the Image J Program to determine the 
following area measurements (mm2):  total area (TA), 
new bone area (NBA), recently formed bone (RFB) and 
fibrous tissue and marrow spaces (MS). In the test 
groups (ADM plus ABM/P-15) the amount of residual 
graft particles (RGP) was measured in the total area.
statistical analysis
To compare the results obtained in the control and test 
groups after treatment, Wilcoxon signed-rank test was 
applied. For all statistical analyses, a significance level 
of 5% (P<0.05) was used. 
results
clinical findings
The surgical procedures were well tolerated by all 18 
patients (5 males and 13 females, mean age 44 – 8.10 
years; age range 33 to 58 years) with no postoperative 
complications. No sockets presented exfoliation of 
the bone graft, indicating that the use of ADM was 
appropriate for graft retention at the healing phase. 
histological observations
It was possible to observe the presence of newly formed 
bone (NB), most recently formed bone (RFB) and fibrous 
tissue plus marrow spaces (FT+MS) in the sections from 
both groups (Fig. 1A, 1B). Besides, in the test group, 
residual graft particles (RGP) of ADM/ P-15 were present 
in the center and in the border of the biopsy (Fig. 1B).
The control and test groups showed an osteoid matrix 
(OM) that was also identified in some areas on the 
external surfaces of the newly formed bone (Fig. 2A, 
2B), and it was paved with osteoblasts (OB) both in 
FiG. 2A The presence of the fibrous tissue and marrow spaces (FT+MS), 
osteoid matrix (OM), osteoblast (OB) and newly formed bone (NB) in the 
control and test groups (Mallory trichromic stain; original magnification, 
x40).
FiG. 2B  The evidence of these structures and cells with another image 
(Mallory trichromic stain; original magnification, x40).
FiG. 1A The control 
group biopsy shows 
the formation of 
the new bone (NB) 
and recently formed 
bone (RFB) in the 
center.
FiG. 1B The test 
group biopsy 
shows the residual 
graft particles 
(RGP) and fibrous 
tissue plus marrow 
spaces (FT+MS) 
in the center and 
the formation 
of the new bone 
(NB) and recently 
formed bone (RFB) 
in the extremity 
(Mallory trichromic 
stain; original 
magnification, x1.6).26
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the interior and exterior of the lamellae depositing 
unmineralized osteoid matrix (Fig. 2A, 2B). Interrupted/
partially resorbed lamellae and incremental lines were 
observed in the newly formed bone, indicating regions 
of new bone formation (Fig. 3, 4). Besides, in some areas, 
lamellae circumscribed by concentric bone matrix were 
present representing new bone formation (Fig. 4).
The most recently formed bone (RFB) was partly fibrous 
and partly cellular and immature (Fig. 3, 4, 5B). The 
bone with this characteristic was present on the surface 
of the newly formed bone overlapping this structure. 
This RFB was depositing at the moment of the biopsy, 
representing the remodeling process of the newly 
formed bone, which was deposited during the healing 
period (figures 3, 4 and 5B). A layer of osteoblasts on 
the external surfaces of the most recently formed bone 
was present depositing osteoid matrix (Fig. 4).
Amongst the newly formed bone, it was possible to 
observe the presence of ABM/P-15 residual graft 
particles (RGP), in the test group (Fig. 5A, 5B). These 
particles were dispersed in the region corresponding 
to the area of new bone formation, in some areas, it 
was present with immature bone formation around 
and circumscribing the residual particles (Fig. 5A, 5B). 
Sometimes, these particles were lined by the newly 
formed bone representing the direct contact between 
the structures (Fig. 5B).
histomorphometric findings
At 6 months, the histomorphometric analysis showed 
38.66% of new bone tissue, 6.84% of recently formed 
bone (total amount of 45.5% of mineralized tissue) and 
FiG. 3 in the control group: the fibrous tissue and marrow spaces (FT+MS), 
newly formed bone (NB) and the recently formed bone (RFB) overlapping 
the new bone in the extremity of the structure (Toluidine blue stain; 
original magnification, x20).
FiG. 4 in the test group: the fibrous tissue and marrow spaces (FT+MS), 
new bone formed (NB) and the recently formed bone (RFB) formation 
overlapping the new bone in the extremity of the structure. The osteoid 
matrix (OM) and osteoblasts (OB) in the external surface of the newly 
bone formed and the presence of the concentric lamellae (Cl) in the center 
(Toluidine Blue stain; original magnification, x20).
FiG. 5A in the test group the residual 
particles (RGP) of ABM/P-15 were observed 
as well as fibrous tissue and marrow spaces 
(FT+MS) in the center of the biopsy. The 
new bone formation (NB) and recently 
formed bone (RFB) was observed on the 
border of the biopsy (Toluidine blue stain; 
original magnification, x10).
FiG. 5B  The recently formed bone (RFB) is 
present in the extremity of the new bone 
(NB). The new bone was formed around 
and is circumscribing the residual graft 
particles (RGP) (Mallory trichromic stain; 
original magnification, x10).27
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54.5% of fibrous tissue and marrow spaces in the control 
group. The test group presented 29.13% of new bone 
area, 7.8% of recently formed bone area (total amount 
of 36.93% of mineralized tissue), 42.4% of fibrous tissue 
plus marrow space and 20.67% of residual graft particles. 
The results showed no statistically significant differences 
(p>0.05) between the test and control groups (TG and 
CG) for the recently formed bone (RFB) area (p>0.05). 
However, the new bone area parameter (NBA) showed 
higher values to the control group, and statistically 
significant differences when compared with the test 
group (p=0.03). Additionally, the percentage of fibrous 
tissue plus marrow space areas was higher in the control 
group, and showed statistically significant differences in 
comparison with the test group (p=0.03). Additionally, 
in the test group, we found particles of ABM/P-15 (bone 
graft) corresponding to 20.67% of the total area (Table 1). 
discussioN
The presence of tooth and the functional supporting 
tissues (cementum, periodontal ligament, and bone) 
play a crucial role in maintaining the dimensions of the 
alveolar process. Alveolar deformities resulting from 
tooth loss can cause esthetic and functional problems, 
especially in the anterior maxilla. During alveolar wound 
healing, most changes occur during the first 4 months (7, 
28). Therefore, preservation of the ridge is important to 
avoid alveolar bone and soft tissue collapse, which could 
impair and compromise the prosthetic rehabilitation 
with implants or conventional prostheses (6,20,29,30).
GBR has been used successfully to prevent alveolar 
ridge deformities (7,31-34). A number of materials, non-
absorbable and absorbable, have been used as membranes, 
with similar results in terms of bone formation (27,35-
39). The ideal barrier should be made of material less 
susceptible to membrane exposure or that cannot be 
significantly colonized by periodontopathogenic bacteria 
when exposed to the oral cavity. 
The present study shows that the GBR technique using 
ADM was able to reduce initial bone resorption. ADM 
has been used for numerous purposes and clinical 
studies have also used the ADM as a membrane for GBR 
in edentulous ridges and in association with immediate 
implants, suggesting that this material may be able to act 
as a barrier (11,34,40-42). Different studies showed that 
ADM can be used as a membrane for ridge preservation 
procedures in GBR, minimizing bone remodeling after 
tooth extraction (11,12,14,17).
This study evaluated the use of ADM in post-extraction 
alveoli (control group – CG) to reduce ridge deformities 
and to induce bone formation within the alveoli. The 
histomorphometric analysis showed 38.66% of new 
bone tissue, 6.84% of recently formed bone and 54.5% 
of fibrous tissue and marrow spaces. These results are 
similar to those obtained by Borges et al. (12) that 
observed in dogs 58.99% of bone fill into the defect 
area and to those obtained by Schenk et al. (43), who 
reported that the newly formed bone occupied 55% of 
the defect volume. In our study, we found a total of 
40.9% of mineralized tissuethat corroborated with the 
results of Schenk et al. (43) and Borges et al. (12) who 
observed approximately 38% and 42.47% of mineralized 
tissue. Jovanovic et al. (44), on the other hand, reported 
a bone density that varied from 50% to 57% in control 
sites or in sites treated with GBR.
The basic principle of GBR is the isolation of epithelium 
and connective tissue cells from the bone defects (8). 
However, it is necessary that the available space for 
bone regeneration be maintained under the membranes 
or ADM, which have a tendency to collapse into larger 
bone defects. To maintain space and to act as a scaffold 
for cell migration, proliferation and differentiation, an 
association of bone grafts and GBR is suggested. As 
a result some bone substitutes have emerged with a 
promising outcome.
In the present study, ABM/P-15 was used as bone graft 
in association with ADM. ABM/P-15 emerged in studies 
that focused on cell adhesion, which can influence the 
function and metabolism of various cell types during 
biologic processes. Qian and Bhatnagar (21) developed 
a synthetic peptide composed of a defined sequence 
of 15 amino acids, identical to a potent domain of 
cell alfa-1 chain receptor of type I collagen. They 
used particles of hydroxyapatite of bovine origin as 
carriers for this peptide. This combination allows the 
stimulation of fibroblast adhesion and the formation 
of three-dimensional colonies of extracellular collagen 
matrix, with mineralization foci, forming a structure 
similar to bone; in this way, it improves the efficacy of 
conventional replacement grafts in the treatment of 
intrabony defects.
Krauser et al. (45) observed histologically that the 
sites treated with ABM/P-15 showed new bone around 
the graft particles, whereas sites treated with ABM 
remained encapsulated by a fibrous tissue. Smiler et al.  TABlE 1 . 
tA NBA rFB Ft+Ms rGP
CG 100   38.66 ± 6.9*   6.84 ± 2.4  54.5 ± 6.5†  -
TG 100   29.13 ± 6.6*  7.8   ± 1.9 42.4 ± 4.2† 20.67%
P - 0.03* 0.62 0.03* -
Legend:
TA: total area;
NB: new bone area;
RFB: recently formed bone;
FT+MS: fibrous tissue and marrow spaces;
RGP: residual graft particles.
Wilcoxon signed-rank test;
*†Statistically significant difference between the groups (P <0.05)28
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hydroxyapatite. Fotek et al. (32) reported an average 
of 14% to 15% of residual bone graft particles with a 
range of 27% to 32% of new bone formation 16 weeks 
after ridge preservation.  
coNclusioN
In conclusion, ADM acted as a membrane and led to new 
bone formation within the alveoli. Also, the addition 
of ABM/P-15 resulted in the new bone formation 
within the alveoli. Although the ABM/P-15 showed 
satisfactory results at the 6-month observation period, 
the results were not considered relevant when used in 
this indication.
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